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Field of the lnwnf -ir>n 

The present invention relates generally to 
biologically active proteins and analogs thereof. More 
specifically, the invention relates to analogs of human 
insulin which analogs are tissue- selective and to 
pharmaceutical formulations containing such analogs and 
their use in the treatment of diabetes. DNA sequences and 
microorganisms comprising sequences coding for human 
insulin analogs are also provided. Processes for preparing 
the human insulin analogs are described. 

Backorni md of thf> Invent jr»n 

Insulin is a protein and more specifically a 
hormone that controls the metabolism of glucose. Lack of 
insulin within an animal results in the animal developing 
diabetes and excess amounts of insulin results in coma. 
Insulin is a polypeptide which is produced by the beta- 
25 cells of the islets of Langerhans of the pancreas. 
Pancreatic secretions of insulin are stimulated by high 
blood levels of glucose and amino acids after meals. 
Glucose uptake is then stimulated by the action of insulin 
on various, tissues (e.g., muscles, liver, and fat). 
Insulin also stimulates glycogen and fat synthesis. 
Pharmaceutical preparations of insulin are used 
therapeutically in the treatment of diabetes mellitus known 
as type I and type II diabetes. 
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The inability of certain animals, such as humans, 
to generate sufficient amounts of insulin in the pancreas 
leads to the development of diabetes mellitus. Diabetes 
mellitus is a syndrome characterized by abnormal insulin 
5 secretion and various metabolic and vascular in5)airments . 
Individuals suffering from diabetes mellitus are currently 
treated by the administration of porcine, bovine or 
recombinant human insulin. The administration of insulin, 
however, does not consistently mimic the effects of 

10 endogenous insulin and may result in hypoglycemia and long- 
term complications such as atherosclerosis. 

Animal derived insulin is not chemically 
identical to human insulin and sometimes contains other 
biologically active impurities. Efforts were made to 

15 develop a means of producing insulin which is chemically 
identical to human insulin aind which does not include amy 
biologically active impurities. As a result of such 
efforts, recombinant techniques have been developed to 
produce human insulin and proinsulin polypeptides in 

20 microorganisms which are isolated and purified for 
pharmaceutical use. For example, see European Patent 
Application No. 0 055 945, published 14 July 1982, which 
application is incorporated herein by reference, for its 
disclosure of recombinant techniques and methodologies for 

25 producing insulin and proinsulin polypeptides and the 
isolation of such polypeptides. 

As indicated above, present technology makes it 
possible to recombi nantiy produce insulin having an 
identical amino acid sequence to human proinsulin and/or 

30 insulin which can then be purified and used in 
pharmaceutical preparations. However, insulin has a 
plurality of functions. For exanqple, it inhibits hepatic 
glucose production and stimulates peripheral glucose 
utilization thereby controlling the metabolism of glucose. 

35 
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Because of these different functions and because the site 
of administration of the exogenous insulin typically is 
different from the natural release site, when individuals 
suffering from diabetes are treated it may be desirable if 

] 5 the insulin which is administered inhibited hepatic glucose 
production to a greater degree compared with its ability to 
stimulate peripheral glucose utilization. The need for the 
insulin administered to act differently from natural 
insulin in order to obtain a more natural result is 

10 explained further below. 

Insulin has an overall effect of lowering the 
glucose concentration in the bloodstream. This effect is 
obtained by the operation of insulin on two different types 
of tissue. 

15 The glucose lowering effects of insulin occur in 

both hepatic and peripheral tissues in order to regulate 
glucose levels in blood. The interaction of insulin with 
hepatic receptors results in a decrease in glucose 
production by the liver as well as increased liver storage 

20 of glucose as glycogen; interaction with the peripheral 
receptors on fat suid muscle cells results in an increase in 
glucose utilization. Both interactions result in a 
lowering of glucose concentration in the bloodstream. In 
both liver and peripheral cells, binding to the receptor is 

25 concomitant with insulin clearauice from the system; i.e., 
as insulin is utilized, it is also cleared. 

In the normal operation of endogenous insulin, 
the majority of the hormone secreted by the pancreas 
interacts with the hepatic receptors. This apparent 

30 preference is thought to be due to the proximity of the 
liver to the source of the hormone. Once released into the 
general circulation, most of the insulin appears to be 
utilized by peripheral cells, due to the large number of 
peripheral receptors available. One reason why the 
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administration of insulin does not achieve the "natural" 
balance between hepatic and peripheral activity may be that 
the initial introduction of the drug into the general 
circulation system provides little opportunity for 
5 interaction with the hepatic receptors. However, a high 
degree of such interaction takes place when endogenous 
xnsulin is released from the pancreas. 

Insulin is initially synthesized in the islets of 
Langerhans of the pancreas as the single chain peptide 
10 proinsulin. Proinsulin has 1-2% of the potency of native 
insulin when assayed in vi£rQ, about 15% of the potency of 
insulin in y±^, and a circulating half -life of 30 min as 
compared to 4 min for insulin. Proinsulin is relatively 
hepatoselective is vivs (Glauber, H.S., et al., ei^2£tga 
(1986) 3^:311-317; Peavy, D.E., et al., J. Biol. r^.n, 
(1985) 26a:13989-13994; Davis, S.N., et al., Diafeg£ga 
(1988) 32:74 (abstract)) . The in j^i^a hepatoselectivity of 
proinsulin is 50% more than that of insulin per se 
However, proinsulin has too low a potency for most uses. * 
Insulin is thought to circulate predominantly as 
a monomer. The monomer is a disulfide- linked, two- chain 
molecule consisting of A chain of 21 amino acids and 
B chain of 30. The amino acid sequences of human, porcine 
and bovine insulin are well established. (The amino acid 
sequences of insulins of many other species have also been 
determined.) Attert?)ts to discern which are the essential 
residues in these peptides were begun some time ago. By 
observing the conservation of residues between the insulins 
derived from various species, it was suggested that a 
largely invariable region on the surface of the monomer is 
the receptor binding region. This region includes A-chain 
residues Al (Gly) , A5 (Gin), A19 (Tsrr) , and A21 (Asn) as 
well as B chain residues B24 (Phe) , B25 (Phe) , B26 (Tyr) , 
B12 (Val) , and B16 (Tyr) . 
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de Meyts, R.A. , et al.. Nature (1978) 273:504- 
509, tested 29 insulin- type molecules including animal 
insulins and proinsulins, insulin-like growth factors and 
chemically modified insulins for ability to bind to 
5 receptor and for biological potency. de Meyts et al. 
found a one thousand- fold variation over the series of 29 
analogs wherein the essential residues were shown to be 
some of the 8 carboxyterminal residues of the B chain and 
the A21 (Asn) residue of the A chain. 
^° Ton?)kins, C.B., et al., Diabetoloaia (1981) 

20:94-101, showed that certain analogs stimulated 
hypoglycemia entirely by increasing peripheral glucose 
uptake, whereas others did so by decreasing hepatic glucose 
production. In these studies, Al, B29-diacetyl derivatives 
of insulin were able to stimulate peripheral glucose 
uptake, while A1-B29 cross-linked insulins and proinsulin 
decreased hepatic glucose production. 

Later studies by Nakagawa, S.H., et al., J. Biai . 
Shgffi (1986) 2M:7332-7341, confirmed the importance of the 
carboxy terminal region of the B chain. Studies of binding 
to the hepatocyte receptor showed that insulin residues 
B26-B30 could be deleted without decrease in binding or 
biological potency when the carboxyl group is alpha - 
carboxamidated to preserve the hydrophobic character of the 
25 carboxy terminal B chain domain. However, deletion of 
residues B25-B30 or B24-B30 resulted in a decrease in 
potency. 

A reduction in potency was also observed when the 
phenylalanine at B25 was replaced by leu or ser or by 
30 homophenylalanine; however, replacement by naphthyl-1- 
alanine or naphthyl- 2 -alanine at B25 decreased binding 
activity to a lesser extent. The decreased activity 
effected by replacement of Phe at B25 by Ala, Ser, Leu or 
homophenylalanine was reversible by deletion of the 
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remaining carboxy- terminal residues B26-B30. The authors 
concluded that steric hindrance involving the carboxy- 
terminal domain of the B chain helped direct interaction of 
insulin with its receptor, that the negative effect of this 
5 domain is "reversed by filling of a site reflecting 
interaction of the receptor and the beta-aromatic ring of 
B25 (phe)" and that the remaining carboxy- terminal 
residues, besides B25, were important in effecting the 
interaction of this residue with the receptor. Further 
10 studies by this group (Nakagawa, S.H., et al., j. Biol. 

(1987) a£2: 1254-1258) showed that the downstream 
residues must be deleted to reverse the effect of 
replacement of B25 (Phe) by ser and that replacement of 
residues B26 (Tyr) or B27 (Thr) does not reverse this 
15 decrease in affinity. it was further shown that cross - 
linking between B29 (Lys) and- Al (Gly) decreases the 
affinity of insulin for the receptor. These studies were 
directed to an effort to enhance the potency of insulin. 

Coincidentally, however, a diabetic patient was 
10 shown to produce a mutant form of insulin having Leu 
instead of Phe at B25. Two other patients were shown to 
have mutations at the codons for B24 or B25, but the 
encoded insulin was not characterized (Shoelson, S., et 
al.. Nature (1983) lfi2 : 540-543 ) . 
5 Increased binding to receptor and increased 

potency was shown to be a property of insulin iodinated at 
the tyrosine residue B26 (Podlecki, D.A., et al., Diabetes 
(1983) 12:697-704). Similarly, Schwartz, G.P., et al., 
Proc. Natl. Acad. Sri, TTsa (1987) M: 6408-6411, described 
0 a superactive insulin with enhanced binding both to hepatic 
and peripheral receptors which contains an aspartic acid 
substitution for the natural histidine at BIO of human 
insulin. 
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Still others have reported insulin analogs which 
have specified properties thought desirable. For example, 
Brange, J., et al.. Nature (1988) 333:679-682, prepared 
analogs with substitutions at B9, B12, BIO, B26, B27 and 
.B28 which are designed to prevent fomation of dimers. 

International Patent Application WO 90/12814, 
published 1 November 1990, discloses hepatospecific insulin 
analogs wherein tryptophan or other bulky, hydrophobic 
residues selected from the group consisting of tryptophan, 
naphthylalanine, N- gamma -dansyl- alpha, gamma -diaminobutyric 
acid, leucine, valine, phenylalanine and other hydrophobic 
amino acids are substituted at the A13, A14, A15, A19 and 
B16 positions of the insulin polypeptide. The naturally 
occurring amino acids which are conventionally described as 
hydrophobic are alanine, valine, leucine, isoleucine, 
proline, methionine, phenylalanine and tryptophan, or 
alternatively amino acids whose side chains consist only of 
hydrocarbon, except for the sulfur atom of methionine and 
the nitrogen atom of tryptophan (J. Darnell, MslesaOarCgll 
Biology , Scientific American Books, New York, 1986) . in 
contrast, the sidechains of histidlne and glutamine are 
described as polar or hydrophilic groups. 

Contrary to the teaching in WO 90/12814, the 
present invention provides the surprising and beneficial 
result that substitution by non- hydrophobic amino acids at 
A19 produces insulin analogs which are hepatoselective In 
Further, the present invention provides the 
surprising and beneficial result that substitution by 
phenylalanine at A14 produces analogs that are peripheral 
selective. Such A14 analogs have a different and distinct 
therapeutic use from the hepatospecific use disclosed in 
International Patent Application WO 90/12814. 

The present invention recognizes th desirability 
of tissue selectivity when providing insulin to a patient 
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from an exogenous source, i.e., not directly from the 
pancreas . 

Summary of the Invention 

Purified human insulin analogs which are tissue 
selective are disclosed- By tissue selective is meant 
hepatoselective and peripheral selective insulin analogs. 
Hepatoselective analogs inhibit hepatic glucose production 
in vivo to a greater extent than they stimulate peripheral 
glucose utilization, as compared to normal human insulin 
activity when given by the same route of administration. 
Peripheral selective analogs inhibit hepatic glucose 
production in vivo to a lesser extent than they stimulate 
peripheral glucose utilization, as compared to normal human 
15 insulin activity when given by the same route of 
administration. 

An object of the invention is to provide human 
insulin analogs comprising an amino acid residue at 
position A12 different from the naturally occurring residue 
at said position, wherein the analog is hepatoselective. 
In one embodiment of the invention, the humsm insulin 
analog con5)rises A1261y. 

Another object of the invention is to provide 
human insulin analogs comprising an amino acid residue at 
25 position A19 different from the naturally occurring residue 
at said position and which is not a hydrophobic residue, 
wherein the analog is hepatoselective. In one embodiment 
of the invention, the human insulin analog comprises A19His 
or A19Gln. 

30 Another object of the invention is to provide 

human insulin emalogs coitprising an amino acid residue at 
position A12 different from the naturally occurring residue 
at said position, in combination with one or both of an 
amino acid residue at A19 different from the naturally 
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occurring residue at said position and an amino acid 
residue at A15 different from the naturally occurring 
residue at said position, wherein the analog is 
hepatoselective. In one embodiment of the invention, a 
glycine residue may be substituted for the naturally 
occurring residue at the A12 position and a histidine 
residue may be substituted for the naturally occurring 
residue at the A19 position. 

Another object of the invention is to provide 
human insulin analogs con?)rising an amino acid residue at 
position A12, or amino acid residues at position AID and 
A13 in combination, wherein said residue or residues are 
different from the naturally occurring residue or residues 
at said position or positions and wherein the analog is 
peripheral selective. In one embodiment of the invention, 
an alanine residue may be substituted for the naturally 
occurring residue at the A12 position; or a proline residue 
may be substituted for the naturally occurring residue at 
the AlO position and a tryptophan may be substituted for 
the naturally occurring residue at the A13 position. 

Yet another aspect of the invention is to provide 
a pharmaceutically effective amount of a peripheral 
selective human insulin analog which may be administered to 
an animal in need of peripheral selective insulin 
treatment, wherein the amino acid residue at position A14 
is phenylalanine. 

Accordingly, such tissue- selective analogs can be 
included, individually or in combination, within 
pharmaceutical formulations conprising a pharmaceutical 
excipient material and a pharmaceutically effective amount 
of a human insulin analog which can be administered in 
injectable, pxuap, or other forms to an individual in need 
thereof to effectively treat type I and type II diabetics. 
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Yet another object of the invention is to provide 
DNA sequences and microorganisms con5)rising sequences 
coding for human insiUin analogs. Another object is to 
provide processes for preparing the human insulin analogs. 

A primary object of the invention is to provide 
purified, chemically synthesized, or recombinant human 
insulin analogs. . 

An advantage of the present invention is that the 
insulin analogs can be formulated into pharmaceutical 
preparations which can effectively treat type I and type II 
diabetics. 

Another advantage of the present invention is 
that it provides for a treatment regime for diabetics and 
other individuals which has superior clinical benefits as 
conqoared to treatment regimes using insulin formulations 
wherein the insulin is identical in structure to human 
insulin. 

These and other objects, advantages, and features 
of the present invention will become, apparent to those 
persons skilled in the art upon reading the details of the 
structure, synthesis, and usage as more fully set forth 
below, reference being made to the acccMirpanying drawings . 

Brief De acription of the Drawingp 

Figure I and SEQ ID N0S:l-6 show a representation 
of the six chemically synthesized oligonucleotides that are 
combined in a specific sequence and comprise a gene that 
codes for human proinsulin. 

Figure 2a and SEQ ID N0S:7-8 are representations 
of the DNA sequence encoding amino acids 1-73 of CAT, an 8 
amino acid acid linker sequence, and human proinsulin. 
Also shown is a representation of the deduced amino acid 
sequence encoding huinan proinsulin protein. The location 
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of the oligonucleotides described in Figure l used to 
construct the proinsulin cDNA is given in Figure 2b. 

Figure 3 shows glucose turnover in euglycemic 
hyperinsulinemic clamps for insulin and the A12Gly analog' 
5 Graph A shows the rate of exogenous glucose infusion (GIR) 
Graph B shows the rate of glucose disappearance (R^) 
Graph C shows the hepatic glucose output and is calculated 
as R^ minus GIR. Under steady state conditions, R^ = r^. 

Figure 4 shows glucose turnover for insulin, the 
A19Gln analog and the A19His analog. Graph A shows' the 
rate of exogenous glucose infusion. Graph B shows the rate 
of glucose disappearance (R^) . Graph C shows the hepatic 
glucose output (HGO) and is calculated as R^ minus GK. " 

Detailed Descripfinn of thf^ Tmror,^^»., ^^^^^^ 

Before the present human insulin analogs 
processes for making such and formulations containing and 
administering such are described, it is to be understood 
that this invention is not limited to the particular 
formulations and processes described, as such formulations 
and methodology may, of course, vary. it is also to be 
understood that the terminology used herein is for purposes 
Of describing particular embodiments only, and is not 
intended to be limiting, since the scope of the present 
invention will be limited only by the appended claims. 

It must be noted that as used in this 
specification and the appended claims, the singular forms 
-a," "an- and "the- include plural referents unless the 
context clearly dictates otherwise. Thus, for example, 
reference to "a formulation" includes mixtures of such 
formulations, reference to -an analog- includes mixtures of 
analogs, and reference to -the method of recombinant 
synthesis- includes one or more such methods of the type 
described herein, and so forth. The term human insulin 
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• analog, as used in the specification and appended claims, 
is not to be construed as implying that said analogs are 
necessarily derived directly or indirectly from a human 
source. 

5 The present invention provides purified human 

insulin analogs which are tissue-selective. 
Hepatoselective insulin analogs have a greater activity at 
the liver than at the periphery when compared to the 
activity of insuliji when given by the same route of 

10 administration • Accordingly,, such tissue -selective analogs 
can be placed in pharmaceutical formulations and 
administered to diabetics to obtain superior clinical 
benefits as compared"^ to human insulin. The amino acid 
sequence of each of the hepatoselective analogs of the 

15 invention is identical to the amino acid sequence of hiunan 
insulin except at (a) position A12, wherein the amino acid 
residue is different from the natursJ-ly occurring residue 
at said position, or (b) position A19, wherein the amino 
acid residue is different from the naturally occurring 

20 residue at said position and is not hydrophobic, or (c) 
position A12 in combination with one or both of position 
A15 and position A19, wherein the amino acid residues at 
said positions are different from the naturally occurring 
residues at said positions aiid wherein the analog is 

25 hepatoselective. Additionally, various combinations of the 
A12, A15, and A19 amino acid substitutions are believed to 
result in hepatoselective insuldLn analogs. 

The present invention further provides for human 
insulin analogs which are peripheral selective. Peripheral 

30 selective analogs inhibit hepatic glucose production is 
vivo to a lesser extent than they stimulate peripheral 
glucose utilization, as coirpared to normal human insulin 
activity when given by th same route of administration. 
Individuals who have a normal fasting glucose but impaired 
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glucose tolerance may take advantage of the analogs of the 
present invention. For such individuals, a peripheral 
selective insulin analog may be used to stimulate 
peripheral activity of insulin to a greater extent when 
5 compared to activity of insulin at the liver. Such analogs 
can be incorporated into pharmaceutical formulations and 
administered to individuals to obtain superior clinical 
benefits as compared to human insulin. The amino acid 
sequence of each of the peripheral selective analogs of the 
invention is identical to the amino acid sequence of human 
insulin except at (a) position A12, wherein the amino acid 
residue is different from the naturally occurring residue 
at said position or (b) position AID, wherein the amino 
acid residue is different from the naturally occurring 
residue at said position and at position A13, wherein the 
amino acid residue is different from the naturally 
occurring residue at said position. The present invention 
may also be used to treat an animal in need of peripheral 
selective insulin treatment with a pharmaceutically 
effective amount of a human insulin analog, wherein the 
amino acid residue at A14 differs from the naturally 
occurring amino acid and is phenylalanine. 

Any known method may be used to prepare insulin. 
For example, the cDNA coding for proinsulin can be 
constructed using oligonucleotides. Alternatively, the 
cDNA coding for proinsulin can be isolated from a human 
insulinoma cDNA library using an oligonucleotide screening 
probe. Isolation of a clone containing the sequence for 
proinsulin has been described previously by Bell, G.I., et 
al., I^£ure (1979) 232:525-527 and by Chan, S.J., et al., 
.Prpc, Ngtl. AQ^d, Sci , (1981) 2fi:540l-S405. 

Both chemical synthesis and recombinant methods 
may be used to prepare the analogs of the invention. For 
recombinant material, it may be necessary to synthesize 
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cDNAs, which is done by means known to those skilled in the 
art, such as, for example, by using PGR technology. When 
the appropriate cDNAs are constructed (e.g., by using DNA 
which encodes for proinsulin, making appropriate codon 
5 substitution and carrying out PGR) , they are operably fused 
into expression plasmids, which plasmids are then used to 
transfect microorganism host cells such as coli 
bacteria. The transfected hosts are then allowed to grow 
and the constructed cDNAs will express the appropriate 

10 proinsulin analogs . 

The ejqpressed protein is subjected to standard 
isolation and purification procedures in order to obtain 
substantially pure polypeptides. The proinsulin analogs 
are preferably expressed as a CAT-analog fusion protein. 

15 Accordingly, after the transfected hosts are allowed to 
express the fusion protein, the fusion protein is isolated 
and then stibjected to CNBr cleavage in order to separate 
the CAT from the desired proinsulin analog. The proinsulin 
analog xmdergoes sulf itolysis, is refolded, and undergoes 

20 enzymatic cleavage to produce the insulin analog. The 
insulin analog is then isolated and purified using protein 
purification procedures known to those skilled in the art. 
The resulting analogs are refolded polypeptides having the 
correct disulfide bonds so that the resulting structure has 

25 the desired biological activity. The analogs are purified 
to 95% or purer, preferably 99% or purer for use in 
patients. 

Analogs of the invention can be tested in a 
euglycemic, hyper insulinemic rat claiti> using -^H^glucose as 
30 a tracer. In accordance with this technique, glucose is 
infused to maintain euglycemia. Insulin or an cuialog is 
also infused. Using ^H- glucose, glucose utilization by the 
periphery (R^) and glucose production by the liver (HGO) 
can be calculated under steady state conditions using the 
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eguation of Steel et al., Am. J. Phyaiol . (1956) 152:15-24, 
incorporated herein by reference. 

The purified analogs are formulated in injectable 
pharmaceutical formulations and administered in order to 
' 5 treat type I and type II, diabetes. The amount of an 
insulin analog to be administered in a pharmaceutical 
composition is typically in the range of about 0.1 mg to 
about 10 mg per day. 

Insulin analogs, for example, can be formulated 
10 into pharmaceutical compositions suitable for parenteral or 
nasal administration with appropriate excipients or 
carriers. Any of a variety of techniques knovm in the art 
can be used to prepare the pharmaceutical conpositions . 
See, for example. Remingto n's Pharmaceutieal Seiep rAH^ 17th 
15 Edition, Mack Publishing Company, Easton, PA (1985), which 
is incorporated herein by reference. 

For exaiiple, the human insulin analogs described 
herein may be formulated in such a manner as to allow for 
their delivery by a variety of routes of administration, 
20 including, but not limited to intravenous injection, 
subcutaneous injection, and intramuscular injection. It is 
well recognized that insulins (e.g., human, bovine and 
porcine insulins) may be prepared in various formulations 
for subcutaneous or intramuscular injection, which, 
25 depending on the pH, zinc content, preservative, isotonic 
agent, buffer, and added basic proteins such as protamine, 
provide varied degrees of absorption when injected 
subcutaneously. See for example, Jens Brange, Galenics of 

Inguliq, — Tlig Phvsico- c hemical Aspects of inaulin and 

30 Insulin PreoaratlonH . Springer-Verlag, New York, 1987. Two 
general classes of formulation are particularly useful, and 
are known variably as "soluble, regular or rapid- acting" 
and protracted- acting derivatives. Such protracted- acting 
formulations fall into two siibclasses: (1) "isophane," 
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"NPH" or intermediate -acting and (2) "lente, " 
"long-acting." Soluble formulations may be prepared in 
either acid or neutral form, but the neutral form may be 
better tolerated at the injection site, and also may reduce 
5 decomposition of the insulin analog on storage. 

Crystalline zinc insulin analogs, suitable for 
use in pharmaceutical preparations may be prepared from a 
mixture containing approximately 1.5% of the insulin 
analog, 7% sodixim chloride, 0.1 molar sodium acetate, and 
10 a quantity of zinc ions (from zinc chloride or zinc 
acetate) adequate to give a total of 0.8-0.9% of zinc by 
Weight of the insulin analog, corresponding to 
approximately 4 zinc atoms per six molecules of the insulin 
analog. Adjustment of the pH of the solution by addition 
IS of a mineral acid, such as aqueous hydrochloric acid, to pH 
5.5 or the isoelectric point of the analog if different 
from native insulin, causes crystals or an amorphous 
precipitate to form. This may be accelerated by addition 
of previously formed insulin analog crystals, on standing, 
20 the precipitate may gradually redissolve, and crystalline 
material forms, until a new equilibrium state is reached in 
which the crystalline form predominates . It is well known 
to those skilled in the art that addition of chemical 
compounds that interact either with zinc ions or the 
25 insulin molecules will change the crystallization pattern, 
and the optimal conditions for crystallization may change 
somewhat depending on the specific insulin analog. The 
crystalline form of the insulin analog so obtained may also 
be altered by addition of additives such as phenol or other 
30 hydroxylated aromatic coirpounds, as well as by substantial 
changes in the zinc content or the pH of the medium. 

The crystalline insulin euaalogs may be used to 
prepare various formulations of the insulin analogs, which, 
depending on a ntimber of factors, including added cationic 
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organic con^jounds, such as globin, added basic proteins 
such as protamine, added zinc ion, or size or physical 
state of the insulin analog particles or crystals may have 
varied absorption rates from the site of injection, and 
hence varied onset and duration of action. 

For example, a soluble, rapid acting form of the 
insulin analog for subcutaneous, intramuscular or 
intravenous injection may be prepared by dissolving the 
zinc insulin analog crystals in dilute hydrochloric acid at 
pH 3 to an insulin analog concentration of approximately 
4%. After sterilization by filtration, additives for 
preservation of sterility, such as phenol (0.2%) or 
methylparaben (0.1%), isotonic agent (such as sodium 
chloride (0.7%) or glycerol (1.6%), buffering agent (such 
as sodium acetate O.OIM) may be added, such that their 
concentrations in the final forraulation are approximately 
those shown in parentheses. The pH of the solution is 
adjusted carefully to neutrality (pH 7) with dilute alkali, 
such as 0.01 to O.lN sodium hydroxide, in such a manner as 
to avoid attainment of locally high pH and degradation of 
the insulin analog. The neutral solution is then diluted 
with sterile water to the desired final insulin analog 
concentration, usually between 1 mg/mL and 10 mg/mL, and 
desired ionic strength, preferably isotonic with human 
25 serum, by addition of sterile water. Such a formulation 
may require storage at sub-ambient temperature, above 0«»C, 
preferably at 4«>C to reduce degradation before use. 

More protracted preparations, known as isophane 
formulations, may be prepared by addition of basic 
proteins, such as protamine (e.g., salmine) , to a solution 
of insulin analog at neutral pH in equal (isophane) 
proportions. In the presence of added zinc ions 
(approximately 0.2 /ig of zinc ion per 25 mg of insulin 
analog),- and a phenolic compound, either phenol or a 
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cresol, a complex of the protamine and the insulin analog 
is formed as a precipitate, which has a more delayed 
absorption from the injection site than soluble insulin 
analog. It is well known to those skilled in the art, 
5 enabled by the disclosure herein, that the nature of the 
preparation so obtained, particularly the ratio of 
protamine and insulin analog in the precipitate, may be 
affected by modification of the pH, temperatixre, 
concentration of added zinc, and auxiliary substances. 
10 These variables may affect the absorption of insulin analog 
aiid hence onset and duration of action of the resulting 
formulation following sxibcutaneous or intramuscular 
injection. 

An even more protracted- acting, or utralente 

15 formulation, may be obtained by increasing the amount of 
zinc present in the formulation. Such formulations may be 
prepared by adding zinc ions^ from either zinc acetate or 
zinc chloride, to a suspension of crystalline insulin 
analog, such as that described in the preceding description 

20 for the preparation of insulin analog crystals, with the 
exception that phenol should be avoided. A final 
concentration of total zinc ion of approximately 0*09 to 
0.15 mg/mL is desirable, depending on the . final 
concentration of insulin analog in the formulation, the 

25 optimal amount being that which allows a concentration of 
approximately 0.05 mg/mL of free zinc ion in solution (not 
complexed to the insulin analog precipitate) . It is known 
to those skilled in the art, enabled by the disclosure 
herein, that the size and variability of the crystals 

30 obtained in this manner may affect action of the resulting 
formulation following subcutaneous or intramuscular 
injection. 

Another protracted form, or lente fonmilation, 
may be prepared by dissolving the free insulin analog at 
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acid pH (e.g., pH 3 in dilute hydrochloric acid) , such that 
the insulin analog concentration is in the range of 4% and, 
after sterile filtration, zinc is added (as zinc chloride 
or zinc acetate) such that a final zinc concentration of 
5 0.09 to 0.15 itig/ml is obtained. The pH is then adjusted 
carefully to neutrality with dilute alkalai such. that an 
amorphous precipitate forms, it is well known to' those 
skilled in the art, enabled by the disclosure herein, that 
the nature of the precipitate so obtained may vary with the 
factors influencing the precipitation, such as rate of 
neutralization, or concentration of the insulin analog or 
zinc or other additives, and this may affect the absorption 
of the insulin analog and hence rate of onset and duration 
of the resulting fortmilation following subcutaneous or 
15 intramuscular injection. 

It will be apparent to those skilled in the art, 
enabled by the disclosure herein, that other formulations 
of the insulin analogs described herein may be obtained by 
modification of the above general procedures, leading to a 
broad range of formulations with varied rates of absorption 
following subcutaneous or intramuscular injection, and 
hence varied onsets and durations of action. It is also 
well known to those skilled in the art, that insulin 
molecules may be formulated in a manner such as to allow 
for delivery by non-parenteral routes, such as by oral, 
nasal, rectal, and conjunctival routes. The insulin 
molecules described in the application should also be 
suitably delivered in formulations where native insulins 
(e.g., human, bovine or porcine) have been delivered by 
30 these routes. 

It should be understood that the effective amount 
of all or any of the insulin analogs administered to 
patients will be determined by the caregiver and will be 
based on criteria such as the size, age and sex of the 
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patient, route of administration, as well as patient 
responsiveness and the degree to which the patient's 
pancreas fails to produce insulin. Patients can be started 
on dosing regimes similar to those which the patient was 
5 accustomed to with respect to insulin. Thereafter, the 
amount of the tissue- selective insulin analogs administered 
can be adjusted based on patient responsiveness. 

Expression of the Insulin Fusion Protein 
10 Insulin analogs are provided as fusion proteins 

expressed in bacterial cells. It is well known that many 
eucaryotic proteins are incapable of being expressed in 
bacterial cells in measurable amounts and are incapable of 
being expressed at commercially recoverable levels due to 
15 proteolysis of the foreign protein by the host. As 
described in copending, commonly assigned application 
Serial No. 07/391,277, filed 8 August 1989 (piiblished 
through the PCT as WO 90/01540 on 22 February 1990) and 
incorporated herein by reference, proteins which cannot be 
20 esqpressed in high yield may be expressed as a fusion 
protein to increase levels of expression. For purposes of 
the present invention, it is preferred that the insulin 
analogs be escpressed as fusion protein with chloramphenicol 
acetyl transferase (CAT) / which is a Jcnown selectable marker 
25 and an easily assayed enzyme for monitoring the efficiency 
of both eucaryotic and procaryotic expression (Delegeane, 
A.M., etal.. Molecular Cell Bioloov, (1987) 7:3994-4002). 
Hie fusion proteins which one begins with in the isolation 
and purification methods of the present invention are 
30 substantially of the same general type as described in the 
aforementioned patent application. The following is a 
brief siimmary of the fusion and expression process set 
forth in the aforementioned patent reference* 
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CAT encodes a 219 amino acid mature protein and 
the gene contains a number of convenient restriction 
endonuclease sites (5'-i>vuII, EcoRI, Ddel, Ncol, and 
ScaI-3') throughout its length to test gene fusions for 
5 high level expression. These restriction sites may be used 
in constructing hybrid gene sequences. 

Expression constructs using CAT can employ most 
of the CAT- encoding gene sequences or a substantially 
truncated portion of the sequence encoding an N- terminal 
portion of the CAT protein linked to the gene encoding the 
desired heterologous polypeptide. These expression 
constructs, which demonstrate enhanced levels of expression 
for a variety of heterologous proteins, utilize a number of 
varying lengths of the CAT proteins ranging in si^; from 73 
to 210 amino acids. The 73 amino acid CAT fusion component 
is conveniently formed by digesting the CAT nucleotide 
sequence at the EcoRI restriction site. Similarly, the 210 
amino acid CAT fusion component is formed by digesting the 
CAT nucleotide sequence with Seal. These, as well as other 
CAT restriction fragments, may then be ligated to any 
nucleotide sequence encoding a desired protein to enhance 
expression of the desired protein. 

The reading frame for translating the nucleotide 
sequence into a protein begins with a portion of the amino 
terminus of CAT, the length of which varies, continuing 
in- frame with or without a linker sequence into the 
proinsulin analog sequence, and terminating at the carboxy 
terminus thereof. An enzymatic or chemical cleavage site 
may be introduced downstream of the CAT sequence to permit 
ultimate recovery of the cleaved product from the hybrid 
protein. Suitable cleavage sequences and preferred 
cleavage conditions will be described below. 

To avoid internal cleavage within the CAT 
sequence, amino acid substitutions can be made using 
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cqnventional site- specific mutagenesis techniques {Zoller, 
M.J., and Smith, M. , Nucl. Acids Res . (1982) 10:6487-6500, 
and Adelman, J.P., et al., mA (1983) 2:183-193). This is 
conducted using a synthetic oligonucleotide primer 
5 coinplementary to a single-stranded phage DNA to be 
mutagenized except for limited mismatching, representing 
the desired mutation. These substitutions would only be 
performed when expression of CAT is not significantly 
affected. Where there are internal cysteine residues, 
10 these may be replaced to help reduce multimerization 
through disulfide bridges. 

Procaryotic systems may be used to express the 
CAT fusion sequence; procaryotes most frequently are 
represented by various strains of coli (e.g., MC1061, 
15 DHl, RRl, W3110, MM294, MM294B, C600hfl, K803, HBlOl, 
Ja221, and JMlOl) , however, other microbial strains may 
also be used. Plasmid vectors which contain replication 
sites, selectable markers and control sequences derived 
frran a species compatible with the host are used, for 
20 example, cQli is typically transformed using derivatives 
of pBR322, a plasmid derived frcan an coli species by 
Bolivar et al., gene (1977) 2:95. pBR322 contains genes 
for an5)icillin emd tetracycline resistance and thus 
provides multiple selectable markers which can be either 
25 retained or destroyed in construction of the desired 
vector. 

In addition to the modifications described above 
which would facilitate cleavage and purification of the 
product polypeptide, the gene conferring tetracycline 
JO resistance may be restored to exemplified CAT fusion 
vectors for an alternative method of plasmid selection and 
maintenance. 

Although the coli tryptopheui promoter -operator 
sequences are preferred, different control sequences can be 
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substituted for the trp regulatory sequences. Commonly 
used procaryotic control sequences which are defined herein 
to include promoters for transcription initiation, 
optionally with an operator, along with ribosome binding 
5 site sequence, include such commonly used promoters as the 
beta-lactamase (penicillinase) and lactose (lac) promoter 
systems (Chang et al., Nature (1977) i2i:l056), the 
lambda-derived Pj^ promoter (Shimatake et al., JJatuEg (1981) 
222:128) and N-gene ribosome binding site, and the trp-lac 
iO (trc) promoter system (Amann and Brosius, (Sene (1985) 
M:183) . 

Transformed microorganisms producing the fusion 
proteins are grown in a suitable growth medium containing 
confounds which fulfill the nutritional requirements of the 
15 microorganism. Growth media will typically contain 
assimilable sources of carbon and nitrogen, magnesium, 
potassium and sodium ions, and optionally, amino acids, 
purine and pyrimidine bases, vitamins, minerals, and the 
like. 
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At the end of fermentation, the bacterial paste 
is collected by, e.g., cross-flow filtration, 
centrifugation, or other conventional methods. The 
concentrated paste is preferably stored at a temperature 
below -20«C, preferably about -70-C, until further use. 



Cell Disriiption and Preparabinn of inriiiBjon Bod^^a 

Following concentration of the bacterial paste, 
the cell membranes and cell walls of the microorganisms are 
disrupted, either chemically, i.e., with alkali or with a 
30 conpound such as 1-octanol, enzymatically, e.g., with 
lysozyme, or mechanically, i.e., using a commercially 
available homogenizer or microfluidizer, as is well-known 
in the art. The end point of disruption can be monitored 
by microscopy and/or by adding a dye such as Coomassie Blue 
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and monitoring its absorbance at 595 nm, which typically 
increases with cell lysis. This process step should be 
carried out for a time long enough to ensure that 
substantially all of the cells have been disrupted, and 
5 that substantially no intact cells will be carried through 
to siibsequent process steps. 

After cell disruption, the insoluble fraction of 
the whole- cell homogenate, containing inclusion bodies, is 
harvested by filtration, centrifugation, or the like. The 
inclusion body fraction is typically on the order of 10 to 
30% of the initial wet-cell weight, and enrichment for the 
CAT/insulin analog fusion protein is thus desirable. To 
remove contaminating bacterial proteins , the inclusion body 
pellets are washed with a medium which contains i m 
guanidine hydrochloride together with dithiothreitol (DTT) , 
ethylene diamine tetracetic acid (EDTA) , and buffering 
agents. After washing, the inclusion bodies are pelleted 
by centrifugation and washed again with the aforementioned 
medium. This washing procedure is important to achieve 
relatively high (50-70%) yields of insulin analog. By 
washing away part of the contaminating bacterial protein, 
this procedure increases the proportion of inclusion body 
protein that is CAT-insulin analog fusion protein to about 
50%. The inclusion bodies may, if desired, be frozen and 
25 stored. 

Cleavage of thA Pu lsion PrnhAin 

The reagent and methods used in cleaving the 
fusion proteins will depend on the cleavage sequence 
incorporated in the fusion protein at the outset. Cleavage 
sequences which may be used herein include, for exair^ile, 
those which cleave following methionine residues (cleavage 
reagent cyanogen bromide) , glutamic acid residues (cleavage 
reagent endoproteinase Glu-C) , tryptophan residues 
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(cjeavage reagent N-chlorosuccinimide with urea or with 
sodium dodecyl sulfate), and cleavage between asparagine 
and glycine residues (cleavage reagent hydroxylamine) . For 
purposes of the present invention, cleavage with cyanogen 
bromide is particularly preferred. 

The inclusion bodies obtained in the previous 
step, in solubilized form, are treated with the selected 
cleavage reagent at ambient temperature. The reaction is 
allowed to proceed for as long as necessary to ensure 
substantially complete cleavage of the fusion protein. 

After the cleavage reaction is complete, the 
sample is dried. The dried cleavage mixture is subjected 
to sulfitolysis in order to modify the free sulfhydryl 
groups with S-sulfonates. The modified proinsulin analog 
in its stabilized S-sulfonate form is partially purified 
and can be refolded and converted to the active human 
insulin analog by known procedures. Refolding techniques 
allow the formation of the S-s bonds. The analog is folded 
to obtain the formation of disulfide bridges and converted 
20 to insulin. Finally, the insulin analog is purified by 
high pressure liquid chromatography (HPLC) . 

The invention is further illustrated by the 
following specific examples which are not intended in any 
way to limit the scope of the claimed invention. Specifics 
are given for construction of A12Gly insulin analogs, 
however, the procedure can be used to prepare other insulin 
analogs of the invention. 
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EXPBRIMEIT^ AT. 
The following examples are put forth so as to 
provide those of ordinary skill in the art with a complete 
disclosure and description of how to make, formulate and 
administer the insulin analogs and insulin analog 
pharmaceutical formulations of the invention, and are not 
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intended to limit the scope of what the inventors regard as 
their invention- Efforts have been made to insure accuracy 
with respect to numbers used {e.g., amounts r temperatures, 
etc.), but some experimental errors and deviations should 
5 be allowed for. Unless indicated otherwise, parts are 
parts by weight, temperatures are in degrees centigrade, 
and pressure is at or near atmospheric. 

Construction of Insulin Analogs 

10 Insulin analogs are constructed my malcing 

nucleotide changes in the proinsulin cDNA molecule such 
that the resulting cDNA molecule encodes the desired amino 
acid substitution in the cuialog. 

Proinsulin cDNA is constructed by combining a 

15 series of chemically synthesized oligonucleotides 
comprising a gene coding for human proinsulin and a linker 
sequence at the 5' end. The oligonucleotides, numbered 1-6 
are described in Figure 1 (SEQ ID N0S:l-6). The analogs 
are paired 1 with 2, 3 with 4, and 5 with 6. Each pair is 

20 phosphorylated, annealed and then ligated as follows. For 
the kinase reaction, 5 fig each of an oligonucleotide pair 
is brought to 100 fil in 70 mM Tris pH 7.6, 10 mM MgClj/ 5 
iriM DTT, 1 mM ATP and 20 units T4 polynucleotide kinase is 
added. The mixture is inctibated at 37 for 1 hour and 

25 stopped by heating at 65*^0 for 10 minutes. 
Oligonucleotides axe annealed by heating the above san^les 
to 100*^C for 3 minutes followed by a 30 minute incubation 
at room temperature and, then, incubating overnight at 4®C. 

The pairs of annealed oligonucleotides are mixed 

30 (pooled) and ligated by adding 10 mM ATP to bring the 
concentration to 1 ntM in the presence of T4 DNA ligase. 
The samples are then incubated at 1S«C overnight. The 
ligated DNA is then digested with Kpnl and Hindlll and an 
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approximately 280 bp fragment is gel purified by standard 
te hniques . 

The cDNA coding for proinsulin is inserted into 
plasmid vector pUC19 (Yannish- Perron, C, et al., Gene 
(1985) 13:103-119; Roberts, R. J. . Nucl. Acirip r a^ (1987) 
15 Suppl: rl89-r217) is digested with Kpnl and Hindlll by 
standard techniques. The resulting vector is designated 
pPINS. The vector containing the proinsulin DNA (pPINS) is 
digested with EcoRI and Ndel and ligated with a DNA 
fragment coding for amino acids 1-73 of CAT that is 
digested with Ndel and EcoRI. The resulting plasmid will 
contain DNA sequences which code for amino acids 1-73 of 
CAT, an 8 amino acid linker sequence (Figure 2a) , and human 
proinsulin. This plasmid, pUC- CAT -proinsulin, is used to 
15 construct cDNAs for insulin analogs. 

Insulin analogs were constructed using a 
repetitive series of enzymatically catalyzed polymerization 
reactions using an automated thermal cycler (Perkin Elmer 
Cetus DNA Thermal Cycler) . The construction of A12Gly is 
20 illustrated below. Two oligonucleotide primers were 
utilized. One primer was complementary to the antisense 
strand at the end of the cDNA and has the following 
sequence (SEQ ID N0:9) : 5'-CCG GAA TTC GAG CTC GGT ACC 
CGG-3'. The other primer was complementary to the sense 
25 strand at the 3' end of the CDNA except for the nucleotide 
codon which codes for the desired amino acid change. To 
construct the A12Gly analog, the oligonucleotide primer 
conplementary to the sense strand, 5'-GCC AAG CTT CTA 6TT 
GCA GTA GTT CTC CAG CTG GTA GAG ACC GCA-3' (SEQ ID NO: 10) , 
was used. This primer codes for amino acid Gly at position 
number 12 rather than amino acid Ser found in proinsulin. 
Al9His is constructed in the same manner except that the 
primer complementary to the sense strand contains the 
sequence 5' -GCC AAG CTT CTA GTT GCA ATG GTT TTC- 3' (SEO ID 
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N0:11) and codes for amino acid His at position 19 rather 
thsui the amino acid Tyr foiind in proinsulin. By using 
polymerase chain reaction technology (PGR) , the desired DNA 
sequence coding for the amino acid (Gly) is substituted for 
5 the nat\iraJ.ly occurring amino acid (Ser) at this position. 
The DNA. sequence coding for proinsulin is shown in Figure 
2 and SEQ ID N0:7. For the polymerase chain reaction, the 
mixture was as follows: 10 ftl lOx PGR buffer (500 itM KCl, 
100 iriM Tris-HCl pH8.3), 16 fil 1.25 mM deoxynucleotide mix 

10 (dATP, dGTP, dTTP, dCTP) , 1 ;iM oligonucleotide primers, 1 
ng template ptTC-CAT-proinsulin, 10 ;il 100% DMSO, 0.5 fil 
(2.5 units) Taq polymerase, and HjO to a final volume of 
100 fil. The reaction mix was overlaid with a few drops of 
minercLl oil and then the cycler was programmed to repeat 

15 the following cycle: 

1. Denature at 94 »C for 1 minute; • 

2. Aimeal at 55*C for 30 seconds; 

3. DNA. synthesis at 72*»C for 30 seconds. 

The aii5>lification reaction was carried out for 30 cycles. 

20 The PGR reaction mixture was then extracted once 

with phenol: chloroform: isoanyi alcohol (25:24:1) and once 
with chloroform: isoanryl alcohol (24:1). Sodixjm acetate 
(1/10 volume of 3M) ajid 2 volumes of 100% ethcinol were 
added and the sample incubated for a minimum of 15 minutes 

25 at -70*»C. The precipitated DNA. was collected by 
centrifugation in a microfuge for 15 minutes at 4«»C. The 
dry pellet was resuspended in 45 nl HjO and digested with 
Kpnl and Hindlll by adding 5 nl lOx Kpnl buffer (100 mM 
NaCl, 100 mM Tris-Cl pH 7.5, 100 nM MgClj, 10 i«M DTT) , 40 

30 xinits Kpnl, and 40 units Hindlll. The approximately 280 bp 
DNA. fragment was purified by electrophoresis on an agarose 
gel and extracted frcan the gel. The purified fragment was 
then inseirted by ligation into the expression vector 
pTrp233 (U.S. Pat. No. 4,764,504) containing CAT. The 
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expression vector was digested with Kpnl and Hindlll. For 
the ligation mixture, 2.5 ^1 lOx ligase buffer (0.5 M 
Tris-Cl pH 7.4, 0-1 M MgCl2, 0.1 M DTT) , 2.5 /il 10 mM ATP, 
20 ng of the digested expression vector. 2.5 ng PCR DNA 
5 fragment, and 1 ;xl T4 DNA ligase (NE Biolabs) was mixed 
with water to a final volume of 25 fxl. 

The ligation reaction was allowed to proceed for 
2 hours at room teiiperature and then used to transform 
competent £^ £Qli cells by standard techniques as described 

10 in detail below. From the transformed cells, a single 
colony was isolated and used to prepare plasmid. This 
pXasmid was subjected to DNA sequencing by standard 
techniques to ensure that the desired cDNA coding for the 
insulin analog A12Gly (SEQ ID N0S:12 and 13) was used to 

15 transform the cells to be used as a source for the 
production of recombinant insulin analog. 

Production . Isolation f,nd Purifiration of Po^o^ k.^.^. 
Insulin Analf^qp 



20 



ExpreggjQn 

The human insulin analogs A12Gly (SEQ ID N0S:12 
and 13) and A19His (SEQ ID N0S:14 and 15) were expressed' as 
fusion proteins with portions of the bacterial CAT protein 
25 in soli. These methods are routinely used to purify 
insulin analogs expressed as a CAT fusion protein in £^ 
£2li. For purposes of this example, expression of insulin 
analogs A12Gly or A19His will be described. 

The insulin analog described above was joined to 
the carboxy terminus of the CAT sequence through a cyanogen 
bromide susceptible methionine linkage. The CAT- insulin 
analog fusion was expressed from the tryptophan promoter of 
the bacterial expression vector pTrp233. 
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The plasmid was used to transform E^. coli WBllO 
(ATCC Accession No. 27325) and selected for an^icillin 
resistance. Transf oa^ants were grown in culture overnight 
at 37®C in contplete M9 medium containing M9 salts, 2 mM 
5 MgS04, 0.1 mM CaCl2, 0.4% glucose, 0.5% casamino acids, 40 
/ig/ml tryptophan, 2 /ig/ml thiamine hydrochloride, and 100 
[is/wl ampicillin sulfate. The overnight culture (45-50 ml) 
was used to inoculate 2 L of M9 medium containing 4-8 fig/mL 
tryptophan. Fusion protein expression was induced using 25 
10 /:g/ml indole acrylic acid by standard methods when the 
cells reached an OD^^q of 0.4-0.5. Cells were allowed to 
continue to grow for 4-5 hours at 37^C. Bacterial paste 
was collected by centrifugation and stored at -20 °C until 
use. 

15 

Preparation of Inclusion Bodies 

A model W-225R sonicator (Heat Systems 
Ultrasonics, Inc., Plainview, N.Y.) was used to disrupt 
about 8 g of cells . Cells were suspended in 45 ml TE 

20 buffer (10 MM Tris pH 7.5, IrriM EDTA) , 1 mM DTT, on ice. 
The sonicator was set at 7, constant duty cycle. The blunt 
tip was used for 2 times, 2 minutes with a one minute 
cooling interval. Sait5)les of homogenate were monitored for 
cell lysis by microscopy. Ten ml of 6 M guanidine-HCl 

25 solution was added to a final concentration of 1 M in 60 ml 
to improve washing of the inclusion bodies* Up to 200 ml 
of buffer (TE/DTT/guanidine-HCl) were added to further 
improve the wash. Washed inclusion bodies were pelleted by 
centrifugation at 5000-7000 rpm for 10 minutes in a RC-B 

30 GSA rotor, and resuspended in 20 ml of 
TE/DTT/guanidine-HCl. The undissolved fraction of the 
whole cell homogenate, containing inclusion bodies, was 
harvested by centrifugation at 5000 X rpm in an SS-34 rotor 
for 15 minutes. The pellet, containing CAT proinsulin 
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analog fusion protein was stored at -20'C or sxibjected to 
cyanogen bromide (CNBr) cleavage. 

CNBr Cle avage of Fusion Protein 

CAT73/proinsulin analog fusion protein was 
cleaved with CNBr. Inclusion bodies (about 2-3 g) were 
resuspended in 3 ml of deionized water and then added 
dropwise to 16 ml of 88% formic acid. CNBr (120 mg) was 
added to solubilized inclusion bodies, the sample was 
sealed under argon or nitrogen, and then gently stirred at 
room teirperature for 4 hours. The saniple was allowed to 
dry overnight and the dried residue was stored at -20«>C in 
a desiccator. 

15 Sulfitoly gig 

The dried cleavage mixture was redissolved in 12 
ml of sulfitolysis buffer (6 M guanidine-HCl, 50 mM 
ammonium bicarbonate) and the pH adjusted to 9.0 with 
ethanolamine (100-200 pil) . Two hundred milligrams of 
sodium sulfite and 100 mg of sodium tetrathionate were 
added while stirring, and the pH was readjusted to 9.0 with 
ethanolamine. The reaction mixture was stirred at room 
ten?)erature for 6 hours to convert cysteines and cystines 
to s- sulfonate groups. The reaction was terminated by 
25 addition of 1/20 volume of 1 M HEPES and about 0.4 ml of 2 
N HCl to pH 7 emd stored overnight at -2«C. 

The reaction mixture was desalted on a Sephadex 
G-15 column in 7 M urea, 20 mM Tris pH 7.5. The desalted 
protein was loaded on a DEAE Sepharose Past Plow column and 
30 washed with 7 M urea, 20 nM Tris pH 7.5 followed by 50 mM 
NaCl, 7 m urea, 20 mM Tris pH 7.5. The column was eluted 
with a 200 ml linear gradient of 50-250 mM NaCl using a 
GM-3 gradient maker (Pharmacia) . The proinsulin-analog 
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sulfonate fractions were identified by UV trace at 226 nm 
and/or migration on SDS-PAGE. 

Refolding 

5 The DEAB fraction pool containing the 

proinsulin- analog sulfonate was desalted on a 6-15 column, 
equilibrated with 50 iriM glycine buffer, pH 10, and the 
appropriate fractions, identified by absorbctnce at 226 nm 
and were pooled- The Pierce BCA Protein Assay (Pierce, 

10 Rockf ord, IL) using Bicinchoninic Acid A was run on the 
glycine desalted pool of proinsulin analog sulfonate. 

The proinsulin analogs were induced to fold with 
the correct formation of intramolecular disulfide bonds by 
controlled sulfhydryl interchange catalyzed by 

15 mercaptoethanol . Proinsulin analog glycine pool fractions 
were diluted with degassed glycine buffer, pH 10 to a 
concentration of 0.1-0.4 mg/ml and then 0.01 volume of 60 
IriM jS -mercaptoethanol reagent was slowly added. The sample 
was blanket sealed under argon,, incubated at 4^C, 

20 overnight, and protected from the light. 

Enzymatic Transformation 

The sample was transformed enzymatically, 
generally as described in European Patent ^^plication 

25 No. 0 264 250, which is incorporated herein by reference. 
The refolded sample was concentrated to approximately 2 
mg/ml. To the proinsulin- analog concentrate in 50 mm 
glycine buffer pH 10 was added 1 M HEPES (to a final 
concentration of 10 mM) , 2 N HCl (to adjust the refold 

30 solution to pH 7.2-7.5) , 200 mM CaCl2 (final concentration 
2.0 IriM) , and 10 iriM NiCl2 (to a final concentration of 0.1 
mM) . Carboxypeptidase B (Worthington, 186 units/mg) at 0.4 
mg/ml in 10 mM HEPES, pH 7.5 was added to a final 
concentration of 4 ;ig/ml. Trypsin-TPCK (Worthington, 225 
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units/mg> at O.l mg/ml, in 10 mM HEPES pH 7.5) was added 
(final concentration 1 fig /vol) . The sample was incubated at 
5°C to -12°C. Conversion was monitored by reversed phase 
HPLC and completed within 5 to 17 hours. Enzymatic 
5 transformation was terminated by addition of 2.5 M acetic 
acid/ammonium acetate pH 3.5 to a final concentration of 
0.25 M and stored at 5»C. Acetonitrile (10* v/v) was added 
to samples to be analyzed by HPLC and to inhibit microbial 
growth. 



10 



Analysis of Refold and Enzy m atic Tranaf ormatinn 

Refolded sait?)les were analyzed after 
concentration to determine if proper folding had occurred. 
Saitples (100 fil) for analysis were prepared by dilution 
15 with 100 fil of 0.5 m acetic acid and 200 nl of 
equilibration mobile phase (20% acetonitrile/0.25 M acetic 
acid/ammonium acetate pH 3.5, followed by mixing and 
centrifugation to clarify. A 200-400 fil sample was loaded 
through a loop/injector onto a Toso-Haas TSK ODS 120T Sum 
20 analytical column, 250 x 4.6 mm with direct connect guard 
column and packed with Vydac pellicular media (Vydac, 
Hesperia, CA) . Equilibration was with 20% acetonitrile in 
0.25 M acetic acid/amtttonium acetate pH 3.5. San^jles were 
eluted with a linear gradient of 25-40% acetonitrile at 
25 0.5% per minute. The UV absorbance of the column effluent 
was monitored at 276 nm. This chromatography system was 
also used to examine the sample after enzymatic 
transformation. m this analysis, the enzyraatically 
transformed species ran earlier than the proinsulin- analog 
demonstrating the conversion of the proinsulin analog to 
the insulin analog. This analysis also provided a basis 
for designing the preparative HPLC purification of the 
insulin analog. 



30 
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HPLC Pu rification of the Transformed Analog 

After enzymatic digestion/ the clarified solution 
was purified on a C18 reversed phase high pressure liquid 
chromatography column {RP-HPLC> . The coliamn was a TSK ODS 
5 120T 10 fi 300 X 7^8 mm coltimn. Up to 30 mg of total 
protein was loaded per run by multiple injections through 
a 5 ml loop. After the sample was loaded, the column was 
equilibrated with 0.25 M acetic acid/ammonixim acetate pH 
3.5/20%- acetonitrile and then eluted with an acetonitrile 
10 gradient from 20% to 50%. The insulin analog usually 
eluted between 28% to 30% acetonitrile. The appropriate 
peak was identified by absorbance at 276 nm and collected. 
Purified analog fractions were pooled and protein 
concentration determined. The pooled sanple was quick 
15 frozen and lyophilized. 

For identification and verification of each 
purified insulin analog, 1-20 ^g samples were analyzed for 
peptide sequence and amino acid composition. A 5-10 /xg 
sample was analyzed by HPLC to assess purity. A Vydac 
20 218TP5415 column was equilibrated in 90% Buffer A/10% 
Buffer B. (Buffer A is 0.075% TFA (trifluoroacetic acid) 
in water; Buffer B is 0.05% TPA/100% acetonitrile) A linear 
gradient from 10% to 40% buffer B over 30 minutes was run 
at 1.0 ml/min*, and the coltimn effluent monitored at 215 
25 nm. The saniples were approximately 85-95% pure. 

In Vivo Methods 

The in vivo studies were designed to assess the 
potency of insulin analogs and to determine if analogs have 
30 a tissue selectivity different from insulin. 

Analogs were tested using the euglycemic, 
hyperinsulinemic clamp method. In this study, different 
rates of insulin analog were infused concurrently with 
variable rates of glucose. The exogenous glucose was 
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infused at a rate sufficient to maintain euglycemia for the 
duration of the -experiment . Additionally, [D-B-^H] glucose 
(tracer) is infused to assess glucose metabolism (i.e, 
glucose turnover) . The steady state equation of Steele et 
^ (Am. J. Physiol, (1956) 187:15-241) was used to 

calculate hepatic glucose output and the rate of glucose 
disposal. Under steady state conditions, glucose (mg/ml) 
and ^H- glucose (dpm/ml) levels are constant. Under these 
conditions the rate of glucose appearance (R^) = rate of 

10 glucose disappearance (R^) . At steady state R^ » R^. r^ 
is further defined as the rate of glucose entering the 
glucose pool (approximately the blood volxjme and other 
extra- cellular volume). R.^ is equal to the rate at which 
the liver is making glucose plus the rate of any exogenous 

15 glucose infusion. R^j is equal to the rate of glucose 
leaving the pool. 

Three main parameters are used to assess the 
effects of the analogs . The rate of exogenous infusion 
(i.e., glucose infusion rate, GIR or M) estimates the 

20 potency of analog. indicates the degree, relative to 

insulin, to which an analog acts at peripheral tissues. 
Finally, hepatic glucose output (HGO) , reflects the ability 
of the analogs to suppress the liver's production of 
glucose. HGO is calculated as Rg^ minus M. To be 

25 hepatoselective, the decrease in HGO will be greater than 
the stimulation of R^j compared to that obseirved with 
insulin. 

Pour to five days prior to e^qperimentation, 65 
mg/kg of sodium pentobarbital was administered 
30 intraperitoneally to anesthetize rats. Catheters were 
inserted in the right jugular vein and left carotid artery. 
The catheters were routed subcutaneously to the dorsal 
region *of the neck and exteriorized. Following the 
recovery, period, insulin or insulin analog plus glucose 
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tracer were infused into the carotid artery. Blood sainples 
were taken from the jugular vein. After collecting basal 
sampler as described below, insulin or analog infusion was 
Started. At 10 minute intervals after starting hormone 
5 infusion, 50 fil blood samples were taken to detennine the 
plasma glucose level. During infusion of hormone, a 30% 
glucose solution was infused at an empirically determined 
rate to maintain the basal glucose level. 

A bolus of 4 ixCi S-^H-glucose solution followed 
10 by a continuous infusion of a 10 /tCi/ml solution of 
S-^H-glucose at a rate of 20 ml/min (effective dose 0.2 
(iCx/min) starting 120 minutes before the insulin and cold 
glucose infusion and continuing throughout the clait^) was 
made. Instilin or analog infusion was started at time 0. 
15 Aliquots of whole blood were obtained at -20, -10 and 0 
minutes before the clamp was started, and later at 70, 80, 
and 90 minutes into the claitsp and the plasma glucose level 
determined. Glucose specific activity at these times was 
also determined as follows: 
20 dpm ^H- glucose 

Glucose specific activity = 

mg glucose 

The bipod was deproteinized with 10% TCA, 
25 centrifuged, cmd an aliquot of supernatant dried in a 
vacuum oven to evaporate off ^H20. The %r glucose levels 
in the saii?)le were determined using a liquid scintillation 
counter. Basal (glucose appearance rate) emd clamp 
were calculated by using steady state glucose specific 
30 activity (basal: -20, -10 and 0 minutes; clanp: 70, 80, 90 
minutes) and the following equation: 
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^H-glucose infusion rate (dpm/xnin) 

= ^ 

Steady state glucose specific activity (dpm/mg) 

Under basal conditions, at steady state, » and R^ 
hepatic glucose output. Under claitp conditions, at a 
steady state, R^^ = r^, however under these conditions, R^ = 
hepatic glucose output plus exogenous glucose infusion 
rate. Hepatic glucose output under clamp conditions was 
determined by subtracting the glucose infusion rate from 
the calculated R^j. 

In Vivo Rpmii,i-p 

A summary of the in vivo data is found in 
15 Table I. 



5 

» 
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A12Gly 

A12Gly insulin analog was tested in animals at 
25.5, 83.0, 166, and 255 ng/kg/min. When A12gly was 
infused at 25.5 ng/kg/min, the was 12.8 mg/kg/min and 
HGO was 9.7 mg/kg/min (Figure 3 and Table I). This 
represents little, if any, stimulation of R^ (i.03 fold) 
and a 22% suppression of HGO. At the 83 ng/kg/min dose, R^ 
was 14.4 mg/kg/min (1.16 fold stimulation) and HGO was 5.2 
mg/kg/min (58% suppression) . At the 166 and 255 ng/kg/min 
doses, Rjj was 19.1 and 23.8 mg/kg/min, respectively, and 
HGO was 1.5 and 2.1 mg/kg/min, respectively. This is 
equivalent to a 1.5 and 1.9 fold stimulation of R^j and an 
88% and 83% suppression of HGO for these two doses. Prom 
these data, it appears that A12Gly is more potent than 
insulin at the liver and slightly less potent than insulin 
at the periphery. Al2Gly has approximately 1.9 the potency 
of insulin in suppressing HGO and 0.75 the potency of 
insulin in stimulating R^ indicating that A1261y is 
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hepatoselective . The ratio of in vivo liver to peripheral 
activity is approximately 2.6. 

AlSHis 

5 The analog was tested at 25.5, 76.5, 255, and 373 

ng/kg/niin doses. Results of the studies with A19His and 
insulin are shown in Figure 4 and Table I. The glucose 
infusion rates necessary to maintain euglycemia at the 25.5 
and 76.5 ng/kg/min doses of A19His were very low (3.1 and 

10 2.0 mg/kg/min, respectively) . Because of this result, the 
analog was infused at higher doses . At the 255 ng/kg/min 
dose, Rjj was 15.7 mg/kg/min (1.16 fold stimulation) and HGO 
was 7.4 mg/kg/min (45% suppression) . At the 373 ng/kg/min 
dose, Rjj was 16.0 mg/kg/min (1.19 -fold stimulation) and HGO 

15 was 7.2 mg/kg/min (47% suppression). These results 
indicate that when HGO is inhibited by approximately 50%, 
there is very little stimulation of R^. By con5)aring the 
data for Al9His to that for insulin, it can be seen that 
the potency of A19His is less than that for insulin. 

20 However, the potency of A19His in suppressing HGO 
(approximately 0.3) is greater than its potency in 
stimulating R^j. To determine the peripheral potency (R^j) 
and the in vivo ratio of hepatic activity to peripheral 
activity from these data, it was necessary to extrapolate 

25 the R^ curve. We estimate the peripheral potency to be 
approximately 0.10 and the ratio to be approximately 3. 
These results indicate that Al9His is hepatoselective 
in vivo . 

30 A12Glv/A19His 

A12Gly/A19His, prepared in a similar mcinner to 
the analogs described above, contains two substitutions in 
one molecule which have been shown to be hepatoselective 
individually. Animals were tested at 100 ng/kg/min, 333 
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ng/kg/min, and 1000 ng/kg/min. At the 100 ng/kg/min dose, 
^d 14.5 mg/kg/min (1.1- fold simulation) and HGO was 8.3 
rog/kg/min (36% suppression) . At the 333 ng/kg/min dose, 
was 16.7 xng/kg/min (1.3-fold stimulation) and HGO was 217 
5 mg/kg/min (79% suppression). At a dose of 1000 ng/kg/min, 
is stimulated by 2.0- fold and HGO is suppressed by 80% 
(Table I) . These results suggest that A12gly/A19his is 
hepatoselective (Table I) . When compared to the animals 
treated with A19His, A12Gly/A19His is similar to A19His in 
10 stimulating R^ and is more potent in suppressing HGO than 
is A19His. A12Gly/A19His appears to be 4- fold 
hepatoselective. 

Ai 9Gln 

15 A1961n, prepared in a similar maimer to the 

analogs described above, was tested at 333 and 1000 
ng/kg/min doses (Figure 4 and Table I) . At the 333 
ng/kg/min dose, was 13.3 mg/kg/min (1.1- fold 

stimulation) and HGO was 7.4 mg/kg/min (40% suppression) . 

20 At the 1000 ng/kg/min dose, R^ was 14.7 (1.2 -fold 
stimulation) and HGO was 6.1 (51% suppression). The 
la vivo data are similar to the results obtained with 
A19His and indicate that A19Gln is hepatoselective. 

25 A14Phe and A10Pro/A13TrD 

Each analog, prepared in a similar manner to the 
analogs described above, was infused at 100 and 333 
ng/kg/min. R^ was stimulated to approximately the same 
extent by each analog euid found to be similar to insulin 

30 stimulation (Table I) . Both analogs were less effective 
suppressing HGO than was insulin indicating that they are 
peripheral selective. 
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A14Gly 

Al4Gly was tested at 41.5, 100, 333, and 415 
ng/kg/min. At the 41.5 ng/kg/min dose, was 13.8 

mg/kg/min (l.l fold stimxilation) and HGO was 12.3 mg/kg/min 
5 (6% suppression). At the 100 ng/kg/min dose, was 16.3 
mg/kg/min (1.4 fold stimulation) and HGO was 5.5 mg/kg/min 
(55% suppression) . At the 333 ng/kg/min dose, R^ was 21.7 
mg/kg/min (1.7 fold stimulation) and HGO was 2.5 mg/kg/min 
(82% suppression) . At the 415 ng/kg/min dose, R^ was 22.2 
10 mg/kg/min (1.6 fold stimulation) and HGO was 5,7 mg/kg/min 
(60% suppression) (Table I) . These results indicate that 
A14Gly is hepatoselective in vivo. 

A12Thr 

^5 A12Thr was tested at 100 and 333 ng/kg/min. At 

the 100 ng/kg/min dose, R^ was 20.1 ng/kg/min (1.6 fold 
stimulation) and HGO was 9.6 mg/kg/min (24% suppression). 
At the 333 ng/kg/min dose, R^ was 39.2 ng/kg/min (3.1 fold 
stimulation) and HGO was 3.4 mg/kg/min (69% suppression) . 

20 These results indicate that A12Thr is peripheral selective. 
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10 



15 



20 



Analog 


SUMMARY 
ing/kg/min 


OP IN VIVO DATA 

HGO 
rng/kg/min 


GIR 
n>g/kg/min 


Insulin 












basal 


13.5 ± 


0.4 


13.5 ± 


0.4 


0 


41.5 


13.0 ± 


0.3 


11.3 ± 


0.3 


1.7 ± 0.6 


83 


. 14.7 ± 


1.3 


7.8 ± 


1.1 


6.9, ± 0.8 


100 


17.8 ± 


1.0 


9.1 ± 


0.7 


8.8 ± 1.2 


166 


26.1 ± 


0.8 


6.4 ± 


1.1 


19.7 ± 0.5 


415 


34.3 ± 


1.6 


3.5 ± 


0.7 


30.8 ± 1.7 



Hunan 


A12Gly 


















basal 


12.4 


± 


0.68 


12.4 


± 


0.68 




0 




25.5 


12.8 


± 


2.1 


9.7 


± 


2.4 


3.0 


± 


0.8 


83.0 


14.4 


± 


0.8 


5.2 


± 


0.4 


9.2 


± 


1.2 


166 


19.1 


± 


1.4 


1.5 




1.1 


17.7 


± 


2.2 


255 


23.8 


± 


1.4 


2.1 


± 


1.4 


21.7 


± 


1.3 



25 
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TABLE I (cont.) 
HGO 



6IR 



25 



30 



Human Al9His 












basal 


13.5 ± 


0.8 


13.5 ± 


0.8 


0 




25.5; ' 


12.5 


9.4 


3. 


1' 






76.5 


12.6 


10.6 




2.0 






255 


15.7 ± 


0.6 


7.4 ± 


0.9 


8.3 ± 


1.2 


373 


16.0 ± 


0.7 


7.2 ± 


0.4 


8.8 ± 


0.9 


Human A19Gln 












basal 


12.5 ± 


0.7 


12.5 ± 


0.7 


0 




333 


13.1 ± 


1.0 ■ 


7.4 ± 


1.1 


5.8 ± 


0.3 


1000 


14.7 ± 


0.9 


6.1 ± 


1.0 


8.6 ± 


0.6 


Human A12Gly/Al9His 










basal 


13.0 ± 


0.4 


13.0 ± 


0.4 


0 




100 


14.5 ± 


0.6 


8.3 ± 


1.0 


6.1 ± 


1.0 


333 


16.7 ± 


1.8 


1.7 ± 


0.6 


14.0 ± 


2.0 , 


1000 


26.4 ± 


2.6 


3.1 ± 


1.1 


23.4 ± 


1.6 


Human Al4Phe 












basal 


15.5 ± 


0.6 


15.5 ± 


0.6 


0 




100 


21.2 ± 


0.9 


12.9 ± 


1.4 


8.4 ± 


2.3 


333 


32.3 ± 


4.0 


6.2 ± 


2.6 


26.1 ± 


2.9 
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TABLE I (cpnt.) 

HGO GIR 

Analog mg/kg/ihin mg/kg/min mg/kg/min 



10 



15 



20 



25 



Hioman A10Pro/A13Trp 








basal 


12.7 


± 


1.2 


12.7 ± 


1.2 


0 


100 


18.8 


± 


1.9 


10.2 ± 


1.8 


8.5 ± 0.5 


333 


31.3 


± 


1.9 


8.9 ± 


2.7 


22.4 ± 1.9 


Human A12Ala 












basal 


13.6 


± 


0.9 


13.6 ± 


0.9 


0 


100 


19.3 


± 


1.3 


9.7 ± 


1.3 


9.6 ± 0.4 


333 


29.1 




2.7 


6.1 ± 


0.9 


22.9 ± 3.1 


1000 


48.6 


± 


2.1 


6.2 ± 


0.5 


42.4 ± 2.2 


Analog 


nig/kg/min 


HGO 
mg/kg/min 


M 

mg/kg/min 


A14Gly 














basal 


13.2 


± ' 


0.6 


13.2 ± 


0.6 


0 


41.5 


13.8 


± 


1.1 


12.3 ± 


0.8 


1.6 ± 0.5 


100 


16.3 


± 


0.8 


5.5 ± 


1.2 


10.8 ± 1.0 


333 


21.7 


± 


1.5 


2.5 ± 


1.1 


19.5 ± 2.2 


415 


22.2 


± 


1.0 


5.7 ± 


0.9 


16.5 ± 1.7 
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TABLE I (cont.) 
HGO 

ntg/kg/min 



M 



12.7 ± 0.4 

20.1 ± 0.8 

39.2 ± 1.5 



12.7 ± 0.4 
9.6 ± 1.2 
3.4 ± 1.1 



10.5 t 0.6 
35.9 ± 1.6 



The instant invention as shown and described 
herein was considered to be the most practical and 
preferred embodiment. it is recognized, however, that 
departures may be made therefrom which are within the scope 
of the invention, and that obvious modifications will occur 
to one skilled in the art upon reading this disclosure 
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CIAIMS 

1. A human insulin analog comprising an amino 
acid residue at position A12 different from the naturally 
occurring residue at said position, wherein the analog is 

5 hepatoselective. 

2. A human insulin analog comprising an amino 
acid residue at position A19 different from the naturally 
occurring residue at said position, and which is not a 
hydrophobic residue, wherein the analog is hepatoselective. 

3. A human insulin analog con5)rising an amino 
acxd residue at position A12 different from the naturally 
occurring residue at said position, in combination with one 
or both of an amino acid residue at A19 different from the 
naturally occurring residue at said position and an amino 
acid residue at A15 different from the naturally occurring 
residue at said position, wherein the analog is 
hepatoselective . 

4. A human insulin analog according to claim 1 
con^rising A12Gly. 

5. A human insulin analog according to claim 2 
25 coirprising A19HiS. 

6 . A human insulin analog according to claim 2 
comprising AlSGln. 



7. A human insulin analog according to claim 3 
comprising A12Gly and A19His. 



35 



8. A human DNA sequence con?)rising a sequence 
coding for a human insulin analog according to claim 1. 
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9. A hvunan DNA sequence comprising a sequence 
coding for a human insulin analog according to claim 2. 

10. A human DNA sequence coir5)rising a sequence 
5 coding for a hximan insulin analog according to claim 3. 

11. A miciroorganism comprising a host cell 
containing a DNA sequence according to claim 8 . 

10 12. A microorganism comprising a host cell 

containing a DNA sequence according to claim 9. 

13. A microorganism con5)rising a host cell 
containing a DNA sequence according to claim 10 . 

15 

14. A process for preparing a human insulin 
analog which comprises culturing a microorgcuaism according 
to claim 11. 

20 15, A process for preparing a human insulin 

analog which coirprises culturing a microorganism according 
to claim 12 » 

16. A process for preparing a human insulin 
25 analog which coirqprises culturing a microorganism according 

to claim 13 . 

17. A hxmian insulin analog comprising an amino 
acid residue at position A12, or amino acid residues at 

30 position AlO smd A13 in combination, wherein said residue 
or residues are different from the naturally occurring 
residue or residues at said position or positions and 
wherein the analog is peripheral selective. 
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18. A human insulin analog according to claim 17 
con^jrising Al2Ala. 

19. A human insulin analog according to claim 17 
5 coitprisirig AlOPro and A13Trp. 

20. A DNA sequence comprising a sequence coding 
for a human insulin analog according to claim 17. 



10 



21. A microorganism comprising a host cell 
containing a DNA sequence according to claim 20. 

22. A process for preparing a human insulin 
analog which comprises culturing a microorganism according 

15 to claim 21. 

23 . A pharmaceutical formulation, comprising a 
pharmaceutical excipient material and a pharmaceutical ly 
effective amount of a human insulin analog according to 

20 claim 1. 

24. A pharmaceutical formulation, comprising a 
phartnaceutical excipient material and a pharmaceutically 
effective amount of a human insulin analog according to 

25 claim 2. 

25. A pharmaceutical formulation, conprising a 
pharmaceutical excipient material and a pharmaceutically 
effective amount of a human insulin analog according to 

30 claim 3. 

26. A pharmaceutical formulation, comprising a 
pharmaceutical excipient material and a pharmaceutically 
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effective amount of a'^human insulin analog according to 
claim 17. 

27. A method of treating an animal which 
5 comprises administering to an animal in need thereof a 

phaxmaceutically effective amount of a human insulin analog 
according to claim 1. 

28. A method of treating an animal which 
.0 comprises administering to an animal in need thereof a 

phaxmaceutically effective amount of a human insulin analog 
according to claim 2. 



15 



20 



25 



30 



35 



29. A method of treating an animal which 
conprises administering to an animal in need thereof a 
pharmaceutically effective amount of a human insulin analog 
according to claim 3 . 

30. A method of treating an animal which 
comprises administering to an animal in need thereof a 
pharmaceutically effective amount of a human insulin analog 
according to claim 17. 

31- A method of treating an animal which 
comprises administering to an animal in need of peripheral 
selective insulin treatment a pharmaceutically effective 
amount of a human insulin analog wherein the amino acid 
residue at A14 differs from the natural amino acid and is 
phenylalanine . 

32 . A human insulin analog comprising an amino 
acid residue at position A12 different from the naturally 
occurring residue at said position, wherein the analog is 
peripheral selective. 
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33. A human insulin analog comprising an amino 
acid residue at position A14 different from the naturally 
occurring residue at said position, wherein the analog is 
hepatoselective . 

5 

34. A human insulin analog comprising an amino 
acid residue at positions A12 and A14 different from the 
naturally occurring residue at said position, wherein the 
analog is hepatoselective. 



10 



20 



25 



30 



35. A human insulin analog, according to claim 32 
con5)rising A12Thr. 



36. A human insulin analog according to claim 33 
15 comprising A1461y. 

37. A human insulin analog according to claim 34 
comprising A12Thr and A14Gly. 



38. A human DNA sequence comprising a sequence 
coding for a human insulin analog according to claim 32 . 

39. A human DNA sequence ccaiqorising a sequence 
coding for a human insulin analog according to claim 33. 

40. A human DNA sequence comprising a sequence 
coding for a human insulin analog according .to claim 34. 

41. A microorganism comprising a host cell 
containing a DNA sequence according to claim 38. 

42 . A microorganism con5)rising a host cell 
containing a DNA sequence according to claim 39. 
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43. A microoirganism conpriging a host cell 
containing a DNA sequence according to claim 40. 

44 . A process for preparing a human insulin 
5 analog which comprises culturing a microorganism according 

to claim 41. 

45. A process for preparing a human insulin 
analog which comprises culturing a microorganism according 

10 to claim 42. 

46. A process for preparing a human insulin 
analog which coinprises culturing a microorganism according 
to claim 43. 

15 

47. A pharmaceutical formulation, ccHiprising a 
pharmaceutical excipient material and a pharmaceutically 
effective amount of a human insulin analog according to 
claim 32. 

20 

48 . A pharmaceutical formulation, comprising a 
pharmaceutical excipient material and a pharmaceutically 
effective amount of a human insulin analog according to 
claim 33. 

25 

49 . A pharmaceutical formulation, con^rising a 
pharmaceutical excipient material and a pharmaceutically 
effective amoxmt of a human insulin analog according to 
claim 34. 

30 

50. A method of treating an animal which 
comprises administering to an animal in need thereof a 
pharmaceutically effective amount of a human insulin analog 
according to claim 32. 

35 
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51. A method of treating an animal which 
conprises acJministering to an animal in need thereof a 
pharmaceutically effective amount of a human insulin analog 
according to claim 33. 

52 . A method of. treating an animal which 
comprises administering to an animal in need thereof a 
pharmaceutically effective amount of a human insulin analog 
according to claim 34. 
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1 

CC66GGTTCT ATGTTTGT6A ACCAACAC^? GTGCGGATCC CACCTGGrig AAGCTCTcf? 

CCTA6TGT6C 6GGGAACGAG GCTTCTTCTA CACACCC 

3 

AAGACCCGCC GGGAGGCAGA GGACCTGCAG GTGGGGCAGG TGGA6CTGG6 CGG6GGCCCT 

66T6CA66CA GCCTGCAGCC CTT6GCCCTG GAGGGGTCC 

5 

CTGCAGAAGC GTGGCATTGT GGAACAATGC TGTACCAGTA TCTGCTCCCT CTACCAGCTG 
70 

GAGAACTACT GCAACTAGA 
6 

AGCTTCTAGT TGCAGTAGTT CTCCA6CTG6 TAGA6GGAGC AGATACT6GT ACAGCATTGT 
TCCACAATGC CACGCTTCTG CAGGGACCCC TCCAG 

GGCCAAGGGC TGCAGGCT6C CTGCACCAG6 GCCCCCGCCC AGCTCCACCT 6CCCCACCTG 

CAGGTCCTCT 6CCTCCCGGC GGGTCTTG6G TGTGTAGAA 

2 

GAAGCCTC6T TCCCCGCACA CTAGGTAGAG AGCTTCCACC AGGTGGGATC CGCACAGGTG 
TTGGTTCACA AACATAGAAC CCCGGGTAC FIG I 
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CAT 

fATG FIAfi AflA ilAfl flXr apt r:c/> tat nrr «oo ™ 48 

[Mi 



LflJ^G^Jg fj§ fj^ gIJ j}? fS^ §JI ?|A TCC «A T^i 

72 

CAT CGT AAA 6AA CAT m GAG GCA TTT CA6 TCA GTT GCT raa tpt arr 

His Arg Lys Glu His Phe Glu Ala Phe 6lH Se? Val All mWs thr 

120 

TAT AAC CA6 ACC GH CA6 CT6 GAT ATT ACG GCC TTT TTA aJK arr ttj 

Tyr Asn Gin Thr Val Gin Leu Asp lie Thr Ala Phi lIS tyt fhf Val 

AAG AAA AAT AAG CAC AAG TTT TAT CCG GCC TTT ATT CM ATT rrr rrr 
Lys Lys Asn Lys His Lys Phe Tyr Pro Ala Phe Ue His ul lVu Ala 

216 

EIS ftl? «§J l?s g15 ffiltg S gfj l^f A^?« ifj i 

B chain 

* §1? «§n^ G^tS S?^ 1 e^f A JCC CAC CTG GTG GAA GCT |! 

312 

i?? a §If f§i Ify ffi ffi |« AAG.ACJE 

C-peptide 

360 

CGG GAG GCA GAG GAC CTG CAG GTG G6G CAG GTG GAG PTfi ficr arr rrr 
Arg Glu Ala Glu Asp Leu Gin Val Gl? GlS Val GlS LeS Gly Gly Gl$ 

dS JSC CTG CAG CCC HG GCC CTG GAG G6G TCC CTG TAG 

Pro Gly Ala Gly Ser Leu Gin Pro Leu Ala LeS Gl5 Gly Ser Leu Gin 

A-chain 

t^s A^si5 ?ii v\^t z ifsi i^s ffi i 

CAG CTG GAG AAC TAC TGC AATI TAG AAG CJJ r-.^ ^ 

Gin Leu Glu Asn Tyr Cys Asnjaaa Lys Leu FIG. 2a 
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CAT 

r IT6 m m AAA ATC ACT GGA TAT ACC ACC 6TT GAT ATA TCC CAA TGG 
\nn Glu Lys Lys lie Thr Gly Tyr Thr Tnr Val Asp He Ser Gin Trp 

72 <ifi 
CAT C6T AAA GAA CAT TTT GAG 6CA TTT CAG TCA 6TT GCT CAA TGT ACC 
fils Arg Lys Glu His Phe Glu Ala Pbe Gin Ser Val Ala Gin Cys Tnr 

120 14a 
TAT AAC CAG ACC GTT CAG CTG GAT ATT ACG GCC TTT TTA AAG ACC GTA 
Tyr Asn 6In Thr Val Gin Leu Asp He Thr Ala Phe Leu Lys Thr Val 

168 1Q7 
AAG AAA AAT AAG CAG AAG TTT TAT CCG GCC TTT ATT CAC ATT CTT GCC 
Lys Lys Asn Lys His Lys Phe Tyr Pro Ala Phe He His He Leu Ala 

LINKER 

216 2i{D 
CGC CTG ATG AAT GCT CAT CCG GAA TTC^iAG CTC GGT ACC C66 G6T TCT 
Arg Leu Met Asn Ala His Pro Glu Phejlfilu Leu 61y Thr Arg Gly Ser 

B chain 

-fi— 2b^ 288 

ATG TTT GTG AAC CAA CAC CTG TGT GGA TCC CAC CTG GTG GAA GCT CTC 

Met||Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leti 

TAC CTA GTG TGC GG6 GAA CGA GGC TTC TTC TAG ACA CCC AAG ACCl/CGC 
Tyr Leu Val Cys Gly Glu Arg Gly Phe Ptie Tyr Thr Pro Lys Thi|[Arg 

C-peptide 

560 3EH 

CG6 GAG GCA GAG GAC CTG CAG GTG GGG CAG GTG GAG CTG GGC 6GG BGC 

Arg Glu Ala Glu Asp Leu Gin Val Gly Gin Val Glu Leu Gly Gly Gly 

CCT GGT GCA GGC AGC CTG CAG CCC TTG GCC CTG GAG GGG TCC CTG CAG 
Pro Gly Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly Ser Leu 6In 

A-chain 

AAG CGWgC ATT GTG GAA CAA TGC TGT ACC AGC ATC TGC TCC CTC TAC 
Lys ArgJ[6_ly He Val Glu Gin Cys Cys Thr Ser He Cys Ser Leu Tyr 

CAG CTG GAG AAC TAC TGC AA"C] TAG AAG CH ctr* 

Gin Leu G3u Asn Tyr Cys Asn( aaa Lys Leu rib. 23 
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1 . 

CCGGGGTTCT ATGTTTGTSA ACCAACACCT GTGC6GATCC CACCTGGTSfi MfiCTCTCT? 

70 80 90 

CCTAGTGTGC 6GGGAACGA6 GCTTCTTCTA CACACCC 

5 

AAGACCC6CC GGGAGGCAGA GGAGCTGCAG GTGGGGCAGG TGGAGCTGQG C66SGGCCCT 

70 80 90 

GGTGCAG6CA GCCTGCAGCC CTTGGCCCT6 GA6GGGTCC 

5 

CTGCAGAAGC GT6GCATTGT 6GAACAAT6C TGTflCCAGJA TCTGCTCCCT CTACCAGCTG 
70 

GAGAACTACT GCAACTAGA 
6 

AGCTTCTAGT TGCAGTAGTT CTCCAGCTGG TAGAGG6AGC AGATACTGGT ACAGCATTGT 

70 80 ■ 90 

TCCACAATGC CACGCTTCT6 CAGGGACCCC TCCAG 

4 

10 20 30 iiQ 50 60 

GGCCAAGGGC TGCAG6CTGC CT6CACCAGG 6CCCCC6CCC AGCTCCACCT GCCCCACCTG 

70 80 90 

CAGGTCCTCT GCCTCCCGGC GGGTCTTGGG TGTGTA6AA 

2 

10 ^^^^ 20 .30 HO 50 60 

GAAGCCTCGT TCCCCGCACA CTAGGTAGAG AGCTTCCACC AGGTGGGATC CGCACAGGTG 

TTGGTTCACA AACATAGAAC CCCGGGTAC . p|G. 1 
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